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OPTICAL PRCPERTIES OF THE LOWER ATMOSPHERE OF VENUS
(On the Interpretation of the Measurements for the
"Venera-8" Automatic Interplanebary Station)

L. G, Titarchuk
ABSTRACT

The results are presented from the interpretation of the /3¥*
iliumination measurements in the lower atmosphere of Venus in the
wavelength A region: of 5,000~8,000 E. These measurements were
obtained with the eiuipﬁéhtjinstaiiéd’bh'béérd’fhé“veﬁéﬁa;S"'
space probe. In order %o construct an optical model ¢f the lower,
Venﬁsian atmosphere, the asymptotic theory of transfer of mono-
chromatic radiation in a multilayer atmosphere was applied. The
optical characteristics were determined from the relative varla-
tions in the measurements of:

RO

The obser&ational data agree well with the following optical
model of the atmosphere. The atmosphere consists of two layers
sharply differing from each other in their optical and physical
_characteristics. The lower, pureliy gaseous layer--extending from
ﬁD to 28 km--scatters conservatively in accord with Rayleigh's
Taw. The upper, cloudy layer--extending from 28 to 65 km--
gbsorbs and scatters visible light nearly conservatively and has
ép effective optical thilickness of 29-95., The upper part of the
cioud layer—--that part above 44 km--is more transparent than the

lower part. Furthermore, the whole cloudy area is significantly

*Nﬁmbers in the margin indicate pagination in the foreign text.
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more transparent to the long-wavelength radiation in the 6,300-
8,000 A band (particle albedo of 0.256-1.15 « 10 ®) than to the
short-wavelength radiation in the 5,000-6,300 E band (particle
albedo of 0.25-2.56 « 10 %),

¥ % ¥ ¥ &£

The illumination sensor set up on the "Venera-8" space probe B
measured the radlatlon scattered by the atmosphere in the region
from 5,000 to 8,000 A [1]. The measurements were taken on July
23, 1972.

The sensor picked up radiation coming from the whole upper
hemisphere at heights from 50 down to O km; The angle between
the directlon of the sun and the radius vector to the given point
(the'angle of the sun) at the time of descent amounted to 85.5 *
2] [1]. The spectral characterlstlcs f(A) of the recelver are

given in [1]. Here A 1s the wavelength. The downward light
stream E+(h) was summed via the following integral [1]:

—a -

-‘BOODA .
EJIXJ 350]}/4)5(.4)[1,\7/,.»4]“ ‘

£0004

The unit of measurement for the radiation integrated in (1) was
conventiocnally called a lux. The experimental data obtalined on
the dependence of the 111um1nat10n E (h) on the helght above the
surface is presented in the figure.

The curve, drawn th}ough the expérimental points by the
method of least squares, has two charactéristic points (h = 28
xm, h = 34 km) in whoseiﬁéigbbofhbbd'afshafp_changé'éﬁises in the /
gradient of illumination with height. In the first portions 03-
.28 nggit would be natural to assume a model of a purely . /6,

-

gaseous médium, consisting 100% of CO,.



In these hypotheses, the illumination Eigh) within this

region will change in accord with the following law [2]:

(h) [9- ;—rrofvzhﬁ' -]éiﬂh ) ()

f/.,o + 3rog

Here Ebg is the optical thickness of the gaseous component from 0
to 28 km; P(h) is the (0, pressure at height h; Asfis the albedo
of the surface of the planet; h, = 28 km; and P, = 93 atm.

" To show the possible validity of such a model, it is suffi-
cient just to deduce from the experimental data some average
value for Tog over the spectrum and over helght--a value valid
. for all Q. s}h,_)28 km and satisfying the interval requirement
H6§jxogg%j27. Such a Tog will give information on the spectral
composition of the light in this region. Using (2), we obtain

the following expression for

r $ 7~ &, a)/f, (A, )
°g 3(1/-ﬁ ) p(h)/ﬁ+£}(;,)/g‘(,,,) 4 (3)

t

'Having replaced in this formula the ratios Eyfh)/E%(hl) with
values taken from the experimental curve and using data on the
pressure within the gaseous atmosphere of Venus presented in
reference [3], we cbtain the following tabulated dependence of Toé
on height:

TABLE 1 <

’a[EdJ 0 4 |8 5 ) b | ae | tekdayeld
—-a ‘ 4 ]raze
r (1~ ;.p_,) 3.67 | 49| 7.3 ] e8| 6.3} 4.8 o




The average value of Tog(l - Asg amounts to about 7, which /7’
for Ay = 0 corresponds to A = 7,000 A. A certain decrease in
Tog(l - An) at small heights can be a consequence of increasing
apparatus error as the space probe enters the high-temperature
layers. Not excluded, however, is the possibility that this
decrease 1s brought about by the presence of a noticeable reflec-
ting capability of the planet with AS';-o,h. The average value
Of.idgog 7 shows thag, lower than 28 km, only red light--in the
6,300 A £ XA £ 8,000 A range--penetrates.

Since the gradient dEi/dh° above 28 km sharply differs from
that of the gaseous layer, it is possible to conclude that in
this region the prime role in iight scattering is played not by a
gas but by an aerosol. Taking 28 km as the lower limit of the
aerosol cloud and 65 km as the upper limit [3], we obtain a
geometrical cloud thickness equal to 37 km. Using a priori
estimates of the optical thickness of the clouds [3, 4] and also
using an estimate for the transmission function V(h, &) at the
level of h = 46 km for 87.50;2 arc cos & 2 83.5%the value .

V(h, £) £ 0.343,

it is possible to conclude that at heights below 46 km an asymp-
totic regime is operative for the scattering of solar radiation

[55 63 2]'

To determine (a) the transmission function of the atmosphere,
(b) the spectral composition of the transmitted light, (c¢) the
absorption coefficient o, (d) the albedo a for single scattering,
and {e) the root k‘of the characteristic equation, let us consider

the following relationships:



¥ ET- - "h' "E‘(és A) }

Using the expression for E fh} from reference [6] and neglec-

¥,
ting the derivative with respect to height A'(h) of the albedo of
the underlying layer [2] and also neglecting the term USK vin

comparison with (3 - x,) * (e®Xf°- 1), we obtain for ¢(h) the /8

following expression:

F2 &

| SAKE .
‘P(h») KT { €3xt' [I 2:!'?)[a_ﬂl§_z)wqéggj (1)

Here x; 1s the first coefficient in the decomposition of the
indicatrix X(y) into Legendre polynomials; T, 1s the optical
depth in the cloud at a height level h and is equal fo a(65-h) !
with o = constant; A(h) is determined from the gppropriate system
of equations [2]; &6 = 1.42 and the wvalues form@jiro, and A in (4)
are functions of the height and averaged over ghe spectrum of the
transmitted radiation. ' The parameter at a given height depends
on the form of the indicatrix and the value of a, the albedo for
single scattering. In the case of a small 1ntr1n51c absorption
(1 - a<<1l), the parameter K‘ls determined from: K\ = {3 - xl)m-
{1 - a) [6]. From equatlon (4) it is evident that ¢Kh) essen-
tially is determined by the product KT, and weakly depends on A,
K, and x.. Thus, the coelficient in the second term, included in
.the square brackets, for A = 0.8~0.9 and x, % 2 decreases mono-
tonically from 1 when'k('= 0 to 0.2 when K- = 0.05. In Table 2,
the values for p(h) afe presented as taken from the curve in the
figure and also presented are values offbﬁo calculated from
equation (4) with x; = 2, A = 0.8, and K’ = 0.05. The coefficient

%, is chosen by starting from estimates of the degree of extension



of_the indicatrix (see the review in [3] and (4]). The value for
the parameter k' is obtained by an a priorl estimate coupled with

the use of a ?élue for the spherical albedo ASPH from Irvine [7].
A= 0.8¢ is the albedo of the lower reflecting layer at the level
of 28 km.

The analysis of the data presented in Table 2 shows that
from 28 to 34 km the speéctral composition of the transmitted
radiation changes sﬁérply; that 1s, the contibution of the short-
wavelength part of the spectral band in the transmitted light

currents increases with height.

In actual facf, for a fixed Wavelength A, KTe(h} dis a mono-

tonically decreasing function of height.

TABLE 2.
Tl Tt 1 wr, [ Havesnbal
[ pesanamnsheyasepbosesmnses coof cosneone e s st FoaGEEAREE o
| - I 1,85 : 1,54 B 14
i 30 _1.86 1.54 ' 35
J 82 1,95 L 3?
| TR - 2.66 om
36 2.12 gJ2 2
' a8 .73 1.73 ' 7
{ | 40 . laat- n39 25
l a2 . R DI 35 Vel I
- M 0,97 0,91 ° S 21
l s b
In the case when the average value X for kit, depends wealkly on £9

the helght h, this monotonicity is preserved (34 km;% h £ 44 km),
and, contrariwisea is disturbed for a strong dependence of X on
the height (28 kmﬁéﬁh?£W3H km). From the values of(@ﬁo at 28 and
3ﬂ km, 1t 1s possible to conclude that--assuming o = coﬂstant

within a cloud--the parameter ﬁg averaged over the subrégion
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Q Q
[6,300 A, 8,000 A] is three times less than the parameter kK%
5 Y b
averaged over the subregion [5,000 A, 6,300 A], that is

el .

i
(K (ks 34km) KsKa _KTolhs 3"km) K 2K, (5)
| 2 T (k 34 km)

g o

from which Kz = % Ky .
A
In the 10-km-long region from 44 to 34 km, a natural attenu-
ation of the light occurs as a result of scattering and of intrin-
sic absorption in the aerosol, evidently without substantial

change in the spectral composition.

By using the dependence of;%&o on the height as given in /10
Table 2, it is not hard to estimate that the parameter_k; averaged
over the 10-km segment [34 km, 44 km] is four times larger than
the parameter averaged over the interval [44 km, 65 km], that is,
the upper layers of the cloud layer are much more transparent
than the lower layers.

Besides the relative dependence of the parameter K on the
height h and wavelength A, it would alsoc be possible frdm these
measurements, in principle, to also determine the absolute value
of the parameterrg; however, a significant indeterminacy in the
angle of the sun and a relatively small height range in the
¢loud cdver comblne to make it pOSsiEIEmﬁB'aéié§ﬁiﬁéjonlﬁ'th¢'"":"
11m1ts of the change of this parameter. Above all, the parameter
F can be found from the spherical 1ib1do, if it is assumed that

‘the atmosphere is homogeneous and infinite in depth.

According to Sobolev [6],

SPH 1 - 3 - X; ‘ (6)

=3
1l



In Table 3 are presented the values of ASPH’ according to Irvine
[7], and Eﬁ calculated from (6) with xl‘: 2. In columns 4-6 are
presented the parameters QD 'ﬁ?, él, sz, determined through the
values of‘&:ln the third column.

THBEE 3
"y
6017 om |omes | o "ﬂg,m | T: |
AEN EE EEEEREE R I . fows |!
6264 054 | 0,015 | 0,007 | 0.0307 R T | [
T S A ‘ 0.0163- ;
7221 {0.93 0.7 | 0.00882] 0.0857 o ]

The‘corresponding values of the albedo for Single scattering /32
are determined from the relationship: 1 - a =2 . As follows
from the sixth and seventh columns of this table, the ratio-gﬂ/@é
= 3 determined from the reflecticn by.-the cloud layer exactly
coincides with the ratio determined fromwfhe transmission by the
clouds (5). Knowing x, it 1s not difficult to estimate the full
optical thickness of the clouds and, consequently, the average
volume coefficient of scattering. Thus, we have

e : g
tQEEfﬁ;EQElhlgéfﬂ)sgigﬁl {

K, (7)
o«=—"5—-—-257f05cm~ ‘.] (8)
HcJ.ou

Let us now show the uncertainty limits for parameter,?&
brought about by the uncertainty in the angle of the sun [83.5°,
87.5°]. Using the expression for the transmission function
Vito, £) [6], let us derive equations for determining the parameter

-

{Ki Since the equations are most easily of all written for the



level h = 28 km, we shall first determine only the parameter ¥
and then from relationships (5) we can also determine the full

parameter K. And so for ¥, we have

KT, o
| | E U (B) 8K, " (3-,)
}0.0129 A A 1)+68x (o)
A 1 1/1* z:'t')g tog':?“;

b

~ Since the parameter k,#£1, it follows from (9) that ¥Y<86.5°, l
_Then in the range over which!{ ¢ may vary [%5-503 86.5°], which - /12
corresponds to a range for & of [0.061, 0.1132], the limits of
'ﬁhde;taih@gfﬁ'for ', are [0.053, 1]. The uncertainty in [,
écéérding to reflection data is [0.016, 0.034], brought about by

the measurement errors of Irvine [7], which amoun%g“to +7%. Thus

the most probable values for Kg are 0,016 = 0, 053 and the wvalue

for ¥ . 83 5.

In an analogous fashion, it is possible to obtain the corres-
ponding intervals for K, and T.--[0.05, 0.16] and [29, 95].

Thus, the atmosphere of Venus consists of two layers,
strongly diffefing from each other 1n their optical and physical
characteristics. The lower, purely gaseous layer, extending from
0 to 28 km, scatters conservatively in accord with Rayleigh's
Law. On the other hand, the upper cloud layer, extending from 28
km to 65 km, absorbs and scatters visible light almost conserva-
tively, 1.e., K << 1, and has a great optical thickness. The
upper part of the cloud layer, situated above 44 km, is more
transparent than the lower part. Moreover, the whole cloud layer
is significantly more transparent to long-wavelength [6,300 R,
8,000 E] than to short-wavelength radiation [5,000 ﬁ, 6,300 ﬁ],



In conclusion, the author expresses his thanks to V. I.
Moroz and V. G. Kurt for many critical comments and evaluation of

the work.
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Dependence of the descending light stream E+(h) on the helght. The
crosses indicate experimental points.
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